summary 1. A selective immunochemical method was used to measure post-heparin plasma lipoprotein lipase and hepatic lipase activity in eighty-two normal subjects and in twenty patients with type IIb, IV or V hypertriglyceridaemia. In twenty-six normal subjects the activity of post-heparin plasma lipases was compared with the kinetic parameters of endogenous plasma triglyceride metabolism.
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from tissues. A triglyceride lipase released from the liver contributes significantly to the PHLA'" (La Rosa, Levy, Windmueller & Fredrickson, 1972; Fielding, 1972; Krauss, Windmueller, Levy & Fredrickson, 1973 : Ehnholm, Shaw, Greten, Langfelder & Brown, 1974 ), but it is not known whether this enzyme is important in the elimination of triglycerides from the circulation.
Extensive studies have been carried out to find out whether hypertriglyceridaemia and arterial disease are related to inefficient removal of triglycerides from the blood. Consistently low values of PHLA have been found only in the rare familial type I hyperlipoproteinaemia whereas the results of PHLA assays in the more common forms of hypertriglyceridaemia have remained controversial (Sandhofer, Sailer & Braunsteiner, 1961 ; Slack, Seymour, McDonald & Love, 1964; Fredrickson, Ono & Davis, 1963; Nestel, 1964 ; Kuo, Bassett, DiGeorge & Carpenter, 1965) . Boberg (1972) found a significant negative correlation between the plasma triglyceride concentration and PHLA. This result is consistent with direct measurements of Iipoprotein lipase in adipose tissue of normal and hypertriglyceridaemic human subjects, where the heparin-releasable enzyme activity showed a negative correlation to serum triglyceride concentration (Persson, 1973a) .
It seems evident that the widely divergent results obtained in these studies are partly due to the use of various doses of heparin and to different conditions used in the assay of the PHLA. None of the methods used in the studies mentioned above measures selectively the activity of lipoprotein lipase. Recently, Krauss, Levy & Fredrickson (1974) have used a more specific assay for separate measurement of extrahepatic lipoprotein lipase (protamine-inactivated lipase) and hepatic lipase (protamine-resistant lipase) activities in the study of different forms of hypertriglyceridaemia. By this method they found signscantly reduced lipoprotein lipase activity only in some patients with hyperchylomicronaemia, whereas the mean activities of both lipoprotein lipase and hepatic lipase were normal in patients with type III and type IV hyperlipoproteinaemia. No correlation was found in these studies between the serum triglyceride concentration and the activity of either lipase in post-heparin plasma.
We have recently developed and validated an immunochemical method for the separate assay of lipase activity; NEFA, non-esterified fatty acids.
Abbreviations: PHLA, post-heparin plasma lipoprotein lipoprotein lipaseC2) and hepatic lipase(*) in human post-heparin plasma (Huttunen, Ehnholm, Kinnunen & Nikkila, 1975a; Huttunen, Ehnholm, Nikkila & Ohta, 1975b) . The selective effect of a hypolipidaemic drug, oxandrolone, on hepatic lipase has been described by using this method (Ehnholm, Huttunen, Kinnunen, Miettinen & Nikkfi, 1975) . Here we report the values of the two post-heparin plasma enzymes in normal human subjects with particular emphasis on their relationship to age, sex and fasting triglyceride concentration. Preliminary data are also given on an unselected group of hypertriglyceridaemic patients, and on the relationship of lipase activities to triglyceride kinetics in normal subjects.
Methods

Subjects
The studies were carried out in healthy normal subjects and in unselected patients with hypertriglyceridaemia. Informed consent was obtained from all participants after explanation of the purpose and risks of the test procedures. The normal subjects (forty-seven males and thirty-five females), aged from 22 to 67 years, were volunteers from the staff of an electric power company (Imatran Voima Oy) and a pension insurance company (Ilmarinen) or from the laboratory of the Meilahti Hospital. All had undergone a routine health check within the previous 6 months. None of them had a history of bleeding tendency, hypertension or any recent acute illness.
Subjects with body weights exceeding 115% of average (Documenta Geigy Scientific Tables, 1962) and patients with high cholesterol ( > 7 5 mmolll) or triglyceride ( >2-0 mmol/l) concentrations were excluded. Women who had used oral contraceptives during the preceding 2 months were not included. All subjects were sedentary workers with variable physical activity during the leisure hours.
The participants were instructed to ingest their customary home diet during the day preceding the tests but to abstain from alcohol and to fast from In this paper lipoprotein lipase means a triglyceride lipase which is stimulated by serum cofactors and is inhibited by 1 mol/l NaCI. Hepatic lipase means a triglyceride lipase which is stimulated by 1 mol/l NaCl. does not require the presence of serum cofactors, and is precipitated by antibodies against purified salt-resistant triglyceride lipase from human post-heparin plasma (Huttunen ef al., 1975a, b). It should be noted, however, that there is thus far no direct evidence for the hepatic origin of this activity in man.
22.00 hours on the previous evening. In the morning, they came to the metabolic ward where the heparin test was carried out at 08.00 hours. The triglyceride turnover measurement was performed on another day starting at 08.00 hours after a 10 h overnight fast.
Patients with hyperlipoproteinaemia were hospitalized in a metabolic ward. O n the basis of family studies, the cases were classified to be either sporadic (no affected relatives detected) or to have familial type IV or multiple-type hyperlipoproteinaemia (Nikkila & Aro, 1973) .
Patients with manifest diabetes (fasting blood sugar > 5.3 mmol/l) were excluded. In hospital, the patients received a standard hospital diet with 45% of the food energy derived from carbohydrate, 35% from fat and 20% from protein. The total food energy intake was adjusted to maintain a constant weight. The heparin test was carried out after 3-6 days on the ward at 08.00 hours and it was preceded by a 10 h overnight fasting period. None of the patients had been previously treated with a hypolipidaemic agent nor was any drug given during their stay on the ward.
Heparin test and enzyme assays Heparin test. Venous blood samples were obtained at 5 and 15 min after rapid intravenous injection of 100 i.u. (1 mg) of sodium heparin (Medica, Helsinki, Finland) per kg body weight. The blood was collected into tubes containing 5 i.u. of heparinlml of blood, the plasma was separated immediately by centrifugation at 4°C and stored at -20°C until assay of the lipolytic activities. In control experiments, it was shown that the lipase activities are not changed during the freezing, storage and thawing of postheparin plasma (Huttunen et al., 1975a) .
Lipoprotein lipase activity. Selective measurement of lipoprotein lipase was based on inactivation of hepatic lipase with specific antiserum (see below) and subsequent assay of triglyceride lipase activity at low salt concentration in the presence of excess of serum (activator). In the standard assay, 10 fil of postheparin plasma was incubated for 2 h at 4°C with 10 pl ofhepaticlipaseantiserum(HuttunenetaZ., 1975a).
Thereafter, 500 J. of the assay mixture containing glyceryl-triIl-'*CJoleate emulsion (3.2 mmol/l), Tris-chloride (40 mmol/l), pH 8.4, NaCl(O.1 mol/l), bovine serum albumin (50 g/l) and 50 pl of normal human serum was added and the tubes were incubated at 28°C for 60 min. The released free fatty acid radioactivity was determined by the liquid-liquid partitioning system described by Belfrage & Vaughan (1969) . Total release of non-esterified fatty acids was calculated after correction for efficiency of extraction and quenching, and activity expressed in pmol of NEFA released h -ml -of plasma.
Hepatic lipase activity. In the assay of hepatic lipase, the activity of lipoprotein lipase was inhibited by raising the NaCl concentration to 1.0 moll1 and omitting the serum activator. The assay mixture contained gly~eryl-tri[l-~~Cloleate emulsion (3-2 mmol/ l), Tris-chloride buffer (40 mmol/l), pH 8.4, NaCl (1.0 mol/l), bovine serum albumin (50 gll) and 10 p1 of the plasma in a volume of 500 pl. The tubes were incubated at 28°C for 60 min and the released NEFA radioactivity was determined as described above.
Preparation of the triolein emulsions
The triolein emulsion used as the substrate in lipase assays was prepared under strictly standardized conditions. A quantity (100 mg) of glyceryl-tri[l-14Cl-oleate (The Radiochemical Centre, Amersham, Bucks. ; specific radioactivity 0.070 pcilpmol), stored in benzene, was transferred to a conical test-tube. The solvent was evaporated under nitrogen and 7.5 ml of gum arabic (50 g/l; Sigma Chemical Co., St Louis, Mo., U.S.A.) was added. The microtip of a Branson Sonifier-cell Disruptor (Branson Instruments Co., Danburry, Conn., U.S.A.) was centred 5 mm below the surface of the solution and the mixture was sonicated in an ice-bath at setting 4 for 4 min. A fresh solution was prepared for each day and used within 1 h after sonication.
Preparation of antiserum against hepatic lipase ofpostheparin human plasma
Hepatic lipase was pursed from post-heparin human plasma by the method of Ehnholm et al.
(1974).
For immunization 50-100 pg of the hepatic lipase protein was mixed with Freund's adjuvant and injected into New Zealand white rabbits. The immunization was continued at 2 week intervals until a good inhibitory titre against the antigen lipase was obtained. None of the antisera cross-reacted with post-heparin plasma lipoprotein lipase. A detailed description of the preparation of hepatic lipase and of antiserum is given by Huttunen et al. (1975a) .
Measurement of endogenous plasma triglyceride turnover
The method used in the measurement of plasma triglyceride turnover was based on the endogenous labelling of total plasma triglyceride with [2-jH]glycerol, with subsequent assay of the decay of radioactivity during 24 h. The details of the procedure and analysis of the curves have been described elsewhere (Nikkila & Kekki, 1971) . The subjects fasted for 10 h before and during the &st 8 h after the administration of the label. Altogether fifteen blood samples were withdrawn during 24 h for analysis of triglyceride radioactivity and concentration.
The triglyceride radioactivity was plotted against time in a semilogarithmic scale, and the descending part of the curve was analysed by digital computer. The plasma triglyceride turnover rate (V) was calculated by multiplying the fractional rate constant by plasma triglyceride mass. The result is expressed as mg h-I kg-I body weight, and the formula used for calculation is V = k x S x 0.45 x 6, where k is the fractional rate constant, S is the triglyceride concentration, 0.45 indicates a mean plasma volume of 45 ml/kg, and b is a correction factor for decreasing relative plasma volume with increasing body weight. The relative body weights were obtained from Documenta Geigy Scientific Tables (1962) .
Other methods
Triglyceride. Concentration of triglyceride was determined in a Technicon AutoAnalyzer (Technicon Instruments Corp., Tarrytown, N.Y., U.S.A.) (Kessler & Lederer, 1966) .
Statistical methods. Mean, SEM, SD and linear regression and correlation were calculated with an Olivetti desk computer. Mean values were compared by the two-tailed t-test. 
P<O.OI.
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Activity of post-heparin plasma lipases in normal subjects
The activity of lipoprotein lipase increased from 16.4f0.7 tO21.6+0.9~OlOfNEFAh-'ml-'between 5 and 15 min after injection of heparin (n = 76, t = 4.32, P < 0.001). A highly significant correlation The activity of post-heparin plasma lipoprotein lipase and hepatic lipase as a function of age in fortyseven normal males and thirty-five females is shown in Fig. 1 and Fig. 2 . The activity of lipoprotein lipase decreased with age in both sexes (r = -0.45, P < 0.001 for males; r = -0.39, P < 0.01 for females).
No signiilcant age variation was observed in the activity of hepatic lipase in either sex. The mean activity of lipoprotein lipase was higher in females than in males, whereas the activity of hepatic lipase showed an opposite sex ratio (Table 1) . These differences were present both before and after the age of 45 years. The lipolytic activity present in pre-heparin plasma samples was negligible both in normal subjects and in patients with hypertriglyceridaemia.
Relation between post-heparin plasma lipase activities and various parameters of triglyceride metabolism
A composite of the correlations between the activity of post-heparin lipoprotein lipase and hepatic lipase and different parameters of endogenous triglyceride metabolism is presented in Table 2 . As shown in Fig. 3 , a highly signscant correlation was observed between the post-heparin lipoprotein lipase activity and the basal concentration of plasma triglycerides in both males (r = -033, P<O-OOl) and in females (r = -0.52, P < 0.01) and in the whole material (r = -0.48, P<O.OOl) . On the other hand, no relationship was present between serum triglyceride concentration and post-heparin plasma hepatic lipase activity in either sex (Fig. 4) . Similar results were obtained when the lipase activities measured from plasma samples drawn 5 min after heparin administration were used instead of the 15 min values.
The relationship between the fractional and absolute turnover rates of endogenous plasma triglycerides and post-heparin plasma lipase activities was studied in fifteen males and eleven females. A significant positive correlation was found between the activity of lipoprotein lipase and fractional turnover of triglycerides both in males and in females (Table  2 ) as well as in the whole group (r = +0.61, P<O.OOl) (Fig. 5) . The activity of post-heparin plasma hepatic lipase did not correlate with the fractional turnover values in the group studied (Fig.  5) . No significant relation was found between plasma lipase activities and the absolute turnover of plasma triglycerides in these subjects (Table 2, Fig. 6 ).
No significant relation was found between the activities of post-heparin plasma lipases and serum cholesterol concentration. Relative body weight and the activity of post-heparin lipoprotein lipase were negatively correlated in females but not in males (Table 2) . A positive correlation was observed between age and fasting serum triglyceride concentration in females (r = f0-55, P<O.OOl) but not in males (r = + 0-20, P > 0.1). On the other hand, the relative body weight correlated significantly to serum triglyceride concentration in males ( r = +0.41, Pc0.01) but not in females (r = +0.27, P>O.l).
Activity ofpost-heparin plasma lipases inpatients with hypertriglyceridaemia
The activity of post-heparin plasma lipases in Table 4 , the activity of post-heparin lipoprotein lipase was low in the three subjects with fasting chylomicronaemia.
The mean values of post-heparin hepatic lipase did not differ significantly from those found in normal subjects of the same age. However, several subjects with conspicuously high post-heparin hepatic lipase activity were observed among the patients with hyperprebetalipoproteinaemia.
Discussion
The immunochemical method used in the present study for the selective assay of lipoprotein lipase and hepatic lipase activities in post-heparin plasma has been validated in separate experiments (Huttunen et al., 1975a) . It seems to measure both enzymatic activities with a high degree of specificity. It should be noticed, however, that there is so far only indirect evidence for the hepatic origin of the lipolytic activity called 'hepatic lipase' in human post-heparin plasma, The use of this designation is based on similarities between this lipase activity and the activity released by heparin from rat or dog liver (La Rosa et al., 1972; Greten, Sniderman, Chandler, Steinberg & Brown, 1974) . Both lipase activities are resistant to high salt concentration and protamine, they do not require serum activator, and they behave similarly in affinity chromatography. Furthermore, Krauss et al. (1974) have demonstrated that the triglyceride lipase activity eluted by heparin from human liver is not inactivated by protamine and we have found a high degree of correlation between the activities of protamine-resistant lipase and immunochemically determined hepatic lipase of post-heparin human plasma (Huttunen et al., 1975a) .
The application of the new specific assay of the two post-heparin plasma lipases to the study of eightytwo normal human subjects revealed several important findings which may account for the known ageand sex-dependence of basal serum triglywide concentrations. First, in both males and females a significant decrease of lipoprotein lipase activity occurred with age. This result is in agreement with previous observations demonstrating diminished PHLA in aged subjects (Nikkila & Niemi, 1957; Bradows & Campbell, 1972) , and is consistent with the agerelated rise in serum triglyceride concentration (Albrink, Meigs &Man, 1961 ; Carlson & Lindstedt, 1968; Aromaa, Bjorksten, Eriksson, Fellman, Kirjarinta, Maatela & Tamminen, 1975) . Secondly, at all ages females had higher mean lipoprotein lipase values than males. This finding, again, compares well with the data on PHLA reported by Boberg (1972) and with the adipose tissue lipoprotein lipase estimations made by Persson (1973b) . Further, these results are in agreement with the observed higher fractional removal rate of endogenous plasma triglycerides in females as compared with males (Nikkila & Kekki, 1971) . As the endogenous triglyceride production rate seems to be equal in both sexes (Nikkila & Kekki, 1971; Olefsky, Farquhar & Reaven, 1974) , the higher lipoprotein lip= activity probably accounts for the fact that premenopausal women have lower mean serum triglyceride concentrations than men of similar age. The hormonal basis of this difference is not clear, since oestrogens do not enhance the fractional removal of plasma very-low-density lipoprotein triglycerides (Glueck, Fallat & Scheel, 1975 ; Kissebah, Harrigan 8c Wynn, 1973) , and in animal experiments they have been shown to decrease the lipoprotein lipase activity of adipose tissue (0.
Pykalisto & E. A. Nikkila, unpublished work; Hamosh & Hamosh, 1975) . In spite of the good agreement between the results of the present immunochemical assay procedure and the protamine method used by Krauss er al. (1974) , many of our findings in normal subjects are different from those reported by the latter authors. First, they found no difference in the lipoprotein lipase activity between adult men and women, but demonstrated higher activities of this enzyme in adolescent boys than in girls of corresponding age. Secondly, they observed an increase of lipoprotein lipase activity with age in women, but did not find any age-related change in males over 18 years. Finally, no correlation was found by Krauss et al. (1974) between fasting serum triglyceride concentration and the activity of lipoprotein lipase in normal subjects. We are not able to provide any plausible explanation for these conflicting results. It is possible that they are accounted for by differences in sampling or in genetic, dietary or environmental factors between Finnish and American 'normals'. It should be noted, however, that the dose of heparin used in this study was ten times higher than that of Krauss et al. (1974) . The dose-response curves of heparin indicate that the release of the two lipase activities into the circulation is much below the maximum at 10 i.u./kg (the dose used by Krauss et al., 1974). It is possible that the lipase activities recovered in post-heparin plasma after a low dose of heparin are partly derived from tissue pools different from those released by a high heparin concentration.
In normoglyddaemic subjects the lipoprotein lipase activity of post-heparin plasma showed a significant negative correlation to plasma triglyceride concentration and a positive correlation to the fractional turnover (removal) rate of endogenous plasma triglycerides. These results are in good agreement with our earlier studies in a group of obese subjects, where post-heparin plasma lipoprotein lipase showed a significant negative correlation to serum triglycerides and a positive correlation to fractional removal constant of intravenously administered lipid emulsion (Huttunen et al., 1975b) . These findings indicate, first, that the activity of this enzyme is an important factor in determining the efficiency of the removal of triglycerides from the circulation, and secondly, that the removal rate regulates the plasma triglyceride concentration within physiological range. Thus, at any given rate of triglyceride intlux (even when this is well below the saturation of the removal system), the activity of lipoprotein lipase in tissues determines the final concentration of triglyceride in blood. These findings are in accord with the previously suggested conoept of regulation of plasma triglyceride concentration ( N W & Kekki, 1971) .
In contrast to the results of Krauss et al. (1974) , we found that the average lipoprotein lipase activity of post-heparin plasma was reduced in patients with type IIb, IV and V hyperlipoproteinaemia, whereas the activity of hepatic lipase was normal or increased. The S n d w of a slight decrease of lipoprotein lipase is consistent with the data obtained by Boberg (1972) on PHLA and by Persson (1973a) on adipose tissue lipoprotein lipase in patients with hypertriglyceridaemia. It is important to notice, however, that most hypertriglyceridaemic patients had their lipoprotein lipase activities within a normal range, and very few showed a true deficiency of this enzyme. It is possible that subjects with lipoprotein lipase activity in the lower end of the normal range are especially sensitive to increase of plasma triglyceride production and such subjects therefore form an unduly large permtage of an unselected population of patients with hypertriglyceridaemia. This interpretation is also consistent with the absence of correlation between post-heparin plasma lipoprotein lipase and plasma triglyceride concentration )in the hypertriglyceridaemic subjects. More extensive studies are needed, however, to establish the rules of overproduction and inefIicient removal of triglycerides in different types of hypertriglyceridaemia.
Finally, one should consider the possibility that the slight decrease of mean post-heparin plasma lipoprotein lipase activity in patients with elevated plasma triglyceride is secondary to the hypertriglyceridaemia. Shafrir & Biale (1970) have suggested that high plasma triglyceride could deplete tissues of lipoprotein lipase by 'substrate extraction'. However, we have not been able to demonstrate any decrease of post-heparin plasma lipoprotein lipase activity during prolonged intravenous fat infusions (J. K. Huttunen, C. Ehnholm, P. J. Kinnunen 8c E. A. Nikkila, unpublished work). The enzyme activities measured by the present method are also not influenced by the presence of excess of lipoproteins in the assay mixture (Huttunen et al., 1975a) .
